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1.0 Introduction

This document describes the activities that the MODLAND team will use to evaluate and

validate its operational products and algorithms.  Although it supersedes a validation plan

delivered in March, 1996, it is written at a significantly more general level and thus might

be considered an updated summary rather than a replacement for the 1996 plan.  The

current plan covers the period from now until approximately two years after MODIS

launch.  This document is concerned only with the validation efforts underway or planned

by MODLAND team.  Later versions will outline a comprehensive plan including the

efforts of EOS Validation Scientists.  Up-to-date information on MODLAND validation

efforts is available at: http://pratmos.gsfc.nasa.gov/~justice/modland/valid/.

1.1  Scientific Objectives

In the first six months after launch, MODLAND will assist in the initial sensor calibration

as it pertains to the MODLAND products, although primary calibration responsibility lies

with the MODIS calibration support team.  After this period, a primary objective for

MODLAND is to validate the level 2-4 variables of MODLAND, including radiometric

variables such as vegetation indices, BRDF, LST and FPAR, and biophysical variables

such as landcover, fire scars, LAI and NPP.   Because each of these is a global product,

MODLAND plans to develop accurate uncertainty information for its products over each of

the significant surface-atmosphere systems that exist.

1.2  Missions

MODIS will be carried onboard the first EOS spacecraft, designated AM-1, to be launched

June 30, 1998.  In addition to AM-1, MODIS will fly aboard PM-1 in December 2000.

These two spacecraft will likely be repeated in the morning and afternoon orbits with

advanced versions of MODIS, providing a data set similar to MODIS from 1998-2018.

Land products will be produced operationally soon after launch.  In order to validate the

MODIS-derived land products to be derived from these data, it is necessary to validate

specific biophysical parameters under a wide variety of combined surface cover and

atmospheric conditions, from arid deserts to moist, tropical systems.
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1.3  Science Data Products

The MODIS Land Instrument team will produce the following products upon launch:

surface level radiance and reflectance (atmospheric correction), vegetation indices, leaf area

index, fraction of absorbed photosynthetically active radiation, albedo, bidirectional

reflectance distribution function, fire, burn scar, land cover, land cover change, snow

cover, surface temperature, and net primary production (Running et al., 1994).

2.0 Validation Criteria

2.1  Overall Approach

MODLAND will use several validation techniques to develop uncertainty information on its

products. The methods include comparisons with in situ data collected over a distributed set

of validation test sites, comparisons with data and products from other airborne and

spaceborne sensors (e.g., AVHRR, MISR), analysis of trends (e.g., spatial, temporal) in

MODLAND products, and analysis of process model results (including EOS IDS models)

which are driven or constrained by MODLAND products.

Our primary validation techniques include collection of and comparison with field and

aircraft data, and comparison with data and products from other satellites.  Field data

collection will include instantaneous measures of spectral reflectances and TIR radiance at

various test sites, first as a calibration activity, and second, as validation of our radiometric

variables.  Second will be establishment of a semi-permanent array of test sites, usually

including a flux tower, for extended temporal measurement of terrestrial biophysical

dynamics over a range of landcover types. These data will be archived in cooperation with

the Oak Ridge DAAC.  Results of all validation activities will be conveyed to the end-user

through both published literature and quality assessment “meta-data” accompanying the

product data sets.

2.2  Sampling Requirements

In order to validate global biophysical variables, a reasonable sampling of the global

variability of each variable must be tested.  Each MODLAND product variable changes

through space and time, so much of the difficulty of validation is in adequate sampling of
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the range of the variable. A second primary problem is measuring each variable with

precision over areas representative of MODIS pixels, i.e. 250m-1km or larger. These

requirements necessitate a combination of approaches which will include a global

distribution of sites in different landcover types and phenological regimes, with

measurements taken at least periodically throughout the year, comparison with other global

and regional scale data sets or sample data sets and comparison with high resolution data

from airborne and spaceborne sensors.

To provide the in-situ data, we will utilize a five-tiered categorization of field site

measurement capabilities and intensity developed in part during the EOS Validation Test

Site Planning Meeting (Suttles et al., 1996).  Table 1 describes the tiers and provides

examples.  This categorization provides an inverse degree of measurement intensity per site

with number of sites in the tier.  Thus, MODLAND will rely on few intensive field

campaigns (e.g., BOREAS, LBA) but a large number of sites for which only satellite

scenes are regularly available.  One deviation in this schema is the MODLAND Tier 5

(instrument calibration sites) which is primarily for radiometric calibration.

Table 1.  MODLAND Hierarchical Test Site Scheme

Tier Approx.
Number
of Sites

Sample
Area

(km^2)

Description of Instrumentation and
Sampling

Example
Sites/

Networks
1 Intensive Field

Campaign Sites;
International Field
Campaign
Programs

5 1,000 Intensive sampling of all relevant land and
atmospheric parameters, including
boundary layer gas exchange; often over
land cover gradients

FIFE,
BOREAS,
HAPEX-Sahel,
TRACE-A,
SAFARI, LBA

2 Fully
Instrumented
Sites

5 100 Full suite of radiation and flux
measurements; ground, tower and aircraft
measurements

ARM/CART
sites

3 Biome Tower
Sites

20-30 100 Long term, select instrument packages for
process studies; ground and tower
measurements; all major ecosystems and
climatic regions

Harvard Forest -
Temperate
Deciduous
Forest Site

4 Globally
Distributed Test
Sites

60 25 Limited surface and atmosphere
characterization; select instrument suites
at different sites; widely distributed
variable sampling frequencies (intermittent
to continuous) capture seasonal or
interannual variability, climatology;
permanent sites

LTERS,
NOAA CMDL,
BSRN and
SURFRAD
networks

5 Instrument
Calibration Sites

<5 10 Well-instrumented for vicarious
calibration; unique reflectance and
emittance properties of uniform, typically
non-vegetated surfaces; ground and aircraft
measurements may include geometric

White Sands,
Railroad Playa
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calibration site(s)

2.3  Measures of Success

Successful validation will have been accomplished if timely and accurate product

uncertainty information becomes routinely available to the product users within two years

after launch.  During this period, MODLAND will adjust algorithms as necessary to

provide better performance and consistency with validation data.   Previously derived

products will be reprocessed in a timely manner following changes to the operational

algorithms.

3.0  Pre-launch Activities

3.1  Development Activities

Two major developmental activities are occurring in the pre-launch time frame.  First,

MODLAND has begun coordination and instrumentation of its Core Validation Test Sites.

These Tier 3 and 4 sites, discussed in Section 4.2, will be the primary measurement

locations for field data used in product validation.  MODLAND has sought existing test

sites with sufficient historical data and infrastructure so as to lessen EOS validation expense

and development time.  Moreover, MODLAND has sought sites that are members of

scientific networks (e.g., AMERIFLUX) such that EOS activities and results may leverage

off ongoing, independent efforts.  Such collaboration may be particularly beneficial to EOS

IDS team needs.

Second, the unique requirements for validation of land cover type and land cover change

have prompted the development of a multistage Validation And Test Sites (VATS)

database. The VATS database includes a network of test sites chosen to represent major

global biomes and cover types.  Five types of sites are recognized, including Regional

Sites, Instrumented/Tower Sites, Intensive Study/Continuous Observation Sites, Field

Validation Sites, and Remote Sensing Sites.  Bounded thematic per-pixel information will

be developed for each site and used to validate the MODIS land cover product.  As a VATS

prototype, Strahler recently developed a comprehensive database for Central America to

characterize the nature of training/validation site distribution, quality and detail of

classification accuracy, as well as to explore and prototype accuracy assessment and

reporting.
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3.2  Field Data

Field data have been or are being collected through independently organized efforts (e.g.,

BOREAS, SCAR-A) and through MODLAND-(co-)led campaigns such as WINCE (snow

cover), PROVE, and CALWEST (surface temperature).  Recent MODLAND activity has

included a significant investment into field instrumentation, and development of new

instruments, for active PI involvement.  The evolving protocol for validation data collection

will be delivered to the new validation scientists at the EOS Validation Scientist Meeting (3-

5 December 1997).

3.2.1  Independently-led Campaigns

Data from independent campaigns have been used extensively by MODLAND.  Table 2

lists the those campaigns which have produced data sets used for prelaunch algorithm

validation.  In many cases, MODLAND scientists took active roles in data collection.

Table 2.  Independent Field Campaigns

Field Campaign Principal Sensors Participating Team
Members

Primary Purpose

OTTER ASAS, TM Running, Huete,
Strahler

Land Cover;
BRDF/albedo;
VI-biophysical coupling

MONSOON ‘90 ASAS, TM, AVIRIS Huete, Strahler Land Cover, BRDF/albedo, VI-
seasonal study

HAPEX-Sahel ASAS, TM Huete, Strahler VI-biophysical; BRDF/albedo
SCAR-A, C MAS Vermote Surface reflectance...
SCAR-B MAS, AVIRIS Huete, Justice VI in smoke, VI saturation

analysis, Fire
SAFARI ‘92 AVHRR

TM
Justice Fire validation

BOREAS MAS, AVIRIS, TM,
ASAS

All Biophysical validation, LST,
snow, BRDF, VI, Fire, ...

Global TM -
GLCTS (Landsat
Pathfinder)

TM Huete, Justice Global VI-land cover analysis

3.2.2 MODLAND-led Campaigns

In some cases, complementary data needed for comprehensive satellite product and

algorithm validation are absent in campaigns not coordinated in part by MODLAND.  Thus,

to better define workable field sampling protocols and provide the needed data,

MODLAND has taken an active role in leading or co-leading field campaigns.   These are

outlined in Table 3 and described thereafter.  Additional details are available at
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http://pratmos.gsfc.nasa.gov/~justice/modland/valid/.  MODLAND has actively sought and

obtained participation of outside scientists (both EOS and non-EOS) in these efforts.

Table 3.  MODLAND Pre-Launch Field Campaigns

Field Campaign Principal Sensors Responsible Team
Members

Primary Purpose

Alaska (1995) MAS Hall Snow cover detection

CALWEST (August,
1995 & June, 1996)

MAS, TIMS Wan TIR  cal/val (Railroad Valley
playa, NV)

WINCE (Winter,
1997)

MAS, MIR Hall Snow cover detection

Grassland PROVE
(May, 1997)

CIMEL (BRDF),
AVIRIS, TM, SPOT,

AVHRR, GOES,
POLDER

Huete, Justice,
Running, Strahler

Short canopy structure and
optics, product scaling in
heterogeneous cover

CALWEST (March,
1997)

MAS Wan LST and LSE val. (Death
Valley)

CALWEST (June,
1997)

MAS, TIMS, AVIRIS Wan LST and LSE cal./val.
(Railroad Valley, NV)

Forest PROVE
(August, 1997)

CIMEL (BRDF),
GOES

Huete, Justice, Running Tall canopy structure, scaling of
FPAR, LAI, albedo and cover
type, topography effects

CALWEST
(Jan./Feb., 1998)

MAS, AVIRIS Wan LST and LSE, snow, landcover
(Death Valley)

H.J. Andrews (April,
1998)

MAS Huete Multiproduct algorithm
validation in needleleaf forest

CALWEST
(Summer, 1998)

Field and low-level
airborne sensors

Wan Spatial variations in LST,
landcover

3.2.2.1  Winter Cloud Experiment (WINCE)

Hall helped lead the Winter Cloud Experiment (WINCE), a 1997 campaign designed in part

to improve the detection and separability of clouds, snow and ice in remote sensing

imagery.  The cooperative effort between researchers at the Univ. of Wisconsin-Madison

and NASA included several flights of the NASA ER-2 high altitude research aircraft

equipped with the MAS sensor, among others.  The aircraft overflew ground instrumented

sites in New Hampshire, Wisconsin and New York.  Using data from WINCE and a 1995

Alaska campaign, Hall is assessing the accuracy of the MODLAND snow-mapping

algorithm over different land covers.  The results are being extrapolated to the hemispheric

scale using 1-km land-cover data of North America and Eurasia from EDC.  This will help

provide an expected global accuracy of the MODIS snow-mapping algorithm in the pre-

launch time frame.
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3.2.2.2  Prototype Validation Exercises (PROVE)

MODLAND organized two campaigns designed to evaluate the instrumentation, sampling

strategies and interdisciplinary coordination required to collect validation data sets at the

proposed global validation test sites. The Grassland PROVE was held between 20-30 May

1997 at the USDA’s Jornada Experimental Range (JORNEX), a desert grassland north of

Las Cruces, NM.  The Forest PROVE was held between 11-15 August 1997 at a NOAA-

operated CO2 flux tower site in the Walker Branch Watershed, Oak Ridge, TN.  In each

campaign, most of the requisite data were collected such that the full MODLAND product

chain can be validated (excepting land surface temperature, snow, fire and fire scar).

Remote sensing data were acquired from aircraft, AVHRR, GOES, POLDER, TM and

SPOT.  By teaming with EOS IDS and non-EOS field scientists, the PROVE campaigns

typify MODLAND’s plans to leverage validation efforts off existing efforts and

infrastructure.

In addition to routine data collection, several new methods for data collection were

prototyped, most notably a CIMEL sunphotometer modified to sample surface-reflected

radiances from a tower top position (see Section 4.4, Needs for Instrument Development).

Other experimental data collection methods, including digital photography for vegetation

structure and FPAR, and collection of off-nadir radiometry data via light aircraft (Cessna

185), were also prototyped.  Data from PROVEs are actively being processed and used for

validation of atmospheric correction, vegetation indices, BRDF, albedo, LAI, FPAR and

NPP.  Significant emphasis is being placed on parameter scaling.  Initial results will be

presented at a PROVE Follow-up Meeting in November, 1997.  Initial conclusions will be

delivered at the EOS Validation Scientist Meeting in December, 1997.

3.2.2.3  CALWEST Campaigns

Wan conducted several field campaigns in California and Western states (CALWEST) to

validate the LST algorithm with day and evening MAS and field data.  Three field

campaigns were conducted in Railroad Valley playa, NV with the ASTER team, while three

others were conducted as a series of EOS calibration/validation activities.  Another field

campaign was conducted in Death Valley, CA, in March, 1997, for validating the LST &

LSE retrieved from MAS data with the new day/night LST algorithm.  The highly diverse
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landcovers and local basing of the ER-2 aircraft (carrying the MAS) in California have

greatly facilitated these effective campaigns.  CALWEST data sets are also being

considered for validation of other MODLAND algorithms and products.

3.3  Existing Satellite Data

MODLAND is also using data from existing satellites (e.g., TM, AVHRR, POLDER) for

the analysis of large time and spatial scale trends, heterogeneity issues, and algorithm

behavior at large view angles.  Major efforts include vegetation index compositing using

the AVHRR PATHFINDER and Landsat 5 data, land cover type mapping with a series of

Landsat TM from Shenandoah National Park, and atmospheric correction and fire product

validation with AVHRR GAC imagery.

4.0  Post-launch Activities

MODLAND’s strategy in the post-launch time frame will be to separate validation

emphases before and after six months after launch.  During the first six months in orbit, the

MODIS Level 1B data will be experimental and several 1B processing chains will be tested.

Moreover, geolocation errors will be significant. Thus, serious downstream product

validation cannot be accomplished.  Given this situation, MODLAND is proposing to

conduct a series of rapid light aircraft deployments aimed at providing first order

assessment of L1B data and radiometric products high in the MODLAND product stream

(atmospheric correction and vegetation indices).  In addition to these deployments,

MODLAND will continue its prelaunch validation activities including further development

of the MODLAND validation test sites, the VATS land cover data base, and algorithm

assessment with data from other satellites.

MODIS L1B data is expected to become stable after six months of MODIS operation.  At

this time, MODLAND will begin extensive evaluation of its products using MODIS data.

This will involve continuous collection of some field parameters at validation test sites,

augmented with short “snapshot” field and light aircraft campaigns aimed at providing

complimentary data.  In addition, several large scale field campaigns involving MAS,

MASTER and other EOS airborne sensors will be conducted.  Finally, MODIS products

will be compared to simultaneously acquired products of other satellite sensors. MODIS

has specific requirements for higher spatial resolution data from Landsat 7 and ASTER.

The MODIS requirements will need to built into the acquisition strategies for these
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instruments.

4.1  MODLAND Quick Airborne Looks

We plan to conduct six MODLAND Quick Airborne Looks (MQUALs) over the six

representative biome types (desert, grasses/cereal crops, broadleaf crops,

shrubland/savanna, needleleaf forests, broadleaf forests) in the period between AM-1

launch and Launch + 6 months (see Table 4).  MODIS Level 1B data available during this

period is expected to be experimental and eventually replaced with reprocessed data.  An

MQUAL will involve underflying MODIS with a light aircraft, equipped with a nadir-

looking Exotech 4 band radiometer (or equivalent), over a 10 km x 10 km area centered on

an EOS validation test site.  Off-nadir and thermal sensing capability may be added if it can

be readily implemented with one or two fixed-mount radiometers.  The flights will be

conducted on days in which MODIS will scan the targets at a near-nadir position.  Except

for an AERONET sunphotometer (to assess atmospheric aerosols) and a stable reference

plate (irradiance), no ground instrumentation is currently planned for the MQUALs.  These

rapid but low cost assessments will satisfy three MODLAND goals:  1) They will provide

feedback on different Level 1B processing chains and their potential effects on land

products, 2) they will provide early quantitative checks on two critical “upstream” land

products (atmospheric correction and vegetation index), and 3) they will provide high

spatial resolution surface heterogeneity data for more accurate scaling at validation test

sites.  Initial results are anticipated within 1-2 weeks of MODIS data delivery to the SCF.
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Table 4. MODLAND Quick Airborne Looks (Within 6 months after launch).

EOS Validation
Test Site

Principal Sensors Responsible Team
Members

Primary Purpose

Maricopa Ag.
Center, AZ
(agriculture)

Airborne Exotech,
CIMEL sunphotometer

Vermote, Huete MODIS L1B feedback; surface
reflectance and VI trend checks;
spatial heterogeneity

Walker Branch
Watershed, TN
(decid. forest)

same same same

Missoula, MT or HJ
Andrews LTER, OR
(needle forest)

same same same

Konza, KA
(grassland)

same same same

Jornada LTER,
NM (shrubland)

same same same

Hog’s Island LTER,
VA (agriculture)

same same same

*An alternate candidate site is Shenandoah National Park (VA), an area designated for “hyper-temporal” land cover
validation (see Section 4.2).

4.2  In Situ Measurement Needs at Calibration/Validation Sites

MODLAND will conduct its primary validation activities at the Core Validation Test Sites

indicated in Table 5.  These Tier 3 and 4 sites are either currently used by independent

investigators or are actively under development.  In most cases, each site includes a fixed

tower on which above-canopy instrumentation will be mounted to provide near-continuous

sampling of canopy-scale radiometric and meteorological variables.  A prototype system

has been tested during the PROVE campaigns, and includes a CIMEL ground-scanning

sunphotometer (surface reflectance, vegetation index, BRDF), albedometers (albedo), and

a CO2 flux system (NPP).  These data are augmented by measurements with LAI-2000s

and line quantum sensors carried on ground transects (LAI, fAPAR) at less frequent time

intervals (see Figure 1).
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albedometer
(broadband
albedo)

albedometer
(near infrared
albedo) net radiometer

(net radiative flux)

fAPAR and LAI over
satellite footprint

anemometer (wind speed)

thermometer and 
hygrometer
(air temperature
and humidity)

CIMEL sunphotometer
(sky and surface radiances + 
direct radiance)

aircraft remote sensing

anemometer 

anemometer 

thermometer and 
hygrometer

thermometer and 
hygrometer

sonic  anemometer
(wind speed)

infrared gas analyzer
(IRGA; CO2 concentration)
+ data loggers

solar power

rain gauge

Figure 1.  This schematic depicts the continuous flux tower instrumentation that will be
deployed at most of the Core Validation Test Sites, as well as the periodic but less frequent
transect sampling (requiring airborne and/or ground-based personnel).

In the post-launch time frame, these measurements will be supported by episodic mini field

campaigns.  The mini campaigns will normally include light aircraft flights similar to those

conducted for the MQUALS.  Initial mini campaigns will occur as follows: ARM CART

(October, 1998), Harvard Forest/Howland, ME (TBD), Hog Island (VA, TBD) and

Maricopa/Jornada (September, 1998).  These data will assist in assessing site heterogeneity

and product scaling.  Additional measurements (e.g., leaf optics) useful for model
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parameterization will also be collected at these times.  The primary site coordinators are

indicated in Table 5, as well as the current capacity to measure the key variables needed for

MODLAND product validation. Core Sites will receive priority deployment of validation

instrumentation, and are designed to represent the major biome types delineated in

MODLAND operational algorithms.

Table 5. Core Validation Test Sites and Current Site Capacity to Measure Relevant Parameters

Site Biome Coordi-
nators

Cimel/
Tower

Albedo LAI fAPAR Meteo-
rology

CO2/N
PP

Jornada
(NM)

Semi-
Arid
Shrub

Huete/
Havstad

Y/Y Y Y Y Y

Walker
Branch
(TN)

Decid.
Forest

Running/
Baldocchi

N/Y Y Y Y

ARM
CART
(OK)

Grass-
land
Agric

Strahler/
Cress

Y/Y Y Y

H.J.
Andrews
(OR)

Needle-
leaf
Forest

Running/
Cohen

?/Y Y Y Y Y

Maricopa
(AZ)

Irrig.
Agric.

Huete/
Moran

?/Y Y Y Y

Konza
(KS)

Grass-
land

Privette/
Knapp

Y/Y Y Y Y Y

Kalahari
(Africa)

Wood-
land
Tropical

Justice/
Privette

Y/P P Y Y P

Kalahari
2 (Africa)

Desert Justice/
Privette

Y/N P Y Y

Hog
Island
(VA)

Agri-
culture/
Forest

Vermote/
Porter

P/Y P P P Y

Missoula
(MT)

Forest Running/
Nemani

_/P P P P P P

Y=yes, P=planned, blank=no.

In addition to the Core Validation Test Sites, MODLAND will coordinate measurements

with investigators at the Auxiliary Validation Test Sites indicated in Table 6.  These sites,

also of Tiers 3 and 4, provide both diversity and redundancy to the biomes represented by

the Core Sites.  In contrast to the core sites, they are not expected to provide sufficient data
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for validation the majority of MODLAND products.  More details of these Tier 3 and 4

sites, and measurements planned are given in the EOS Science Plan, Chapter 7 on Land

Ecosystems and Hydrology.

Table 6. Auxiliary Validation Test Sites and Current Site Capacity to Measure Relevant Parameters

Site Biome Coordi-
nators

Cimel/
Tower

Albedo LAI fAPAR Meteo-
rology

CO2/N
PP

Shenandoah
N.P. (VA)

Needle-
leaf
Forest

Strahler/
Blount

_/?

Harvard
Forest
(MA)

Decid.
Forest

Strahler/
Wofsy

Y Y Y Y

Howland
(ME)

Decid.
Forest

Y Y Y

Hubbard
(NH)

Decid.
Forest

S.
BOREAS
(Canada)

Needle-
leaf
Forest

/F. Hall Y/Y Y

LBA 1
(Brazil)

Broadleaf
Decid.
Tropical

LBA
Fluxnet

P/Y P P Y

LBA 2
(Brazil)

Humid
cerrado

LBA
Fluxnet

P/Y P P Y

La Selva
(Costa
Rica)

Broadleaf
Decid.
Tropical

_/Y

Mongolia
(GLI)

Grass-
land

Huete Y

Finally, Shenandoah National Park (VA), primarily an eastern deciduous forest site, will be

used as a Land Use and Land Cover Change “hyper-temporal” validation site.  Although

there are no current plans for ground data collection at this site, 20 Landsat TM images are

being acquired and will used to assess land cover information at 30 m resolution.  We are

negotiating with the U.S. Park Service on plans to collect limited ground biophysical data.

4.3  Field Campaigns

MODLAND will lead or co-lead several large scale field campaigns (see Table 7) to

augment the activities at the Validation Test Sites (Sections 4.1 and 4.2).  These campaigns

will provide information on products not routinely validated at the test sites (e.g., snow
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cover, fires, and surface temperature) or additional information on products that are

measured at test sites.   The field campaigns will typically involve an ER-2 or high flying

aircraft and one or more of the EOS instrument airborne sensors (e.g., MAS, AirMISR,

MASTER).  Use of smaller radiometric instrument packages on light aircraft is also

planned.  In some cases, validation personnel from other AM-1 instrument teams,

particularly MISR and ASTER, as well as outside investigators will participate.  Normally,

a land cover gradient will be targeted.

Table 7.  MODLAND-led Post Launch Field Campaigns

EOS-Targeted
Field Campaign

Principal Sensors Responsible Team
Members

Primary Purpose

Railroad Valley, NV
(Fall, 1998)

MAS, MASTER Wan, Huete Participation in EOS Cal/Val
campaign

Tibet (October, 1998
or March 1999)

In-situ sensors only Wan TIR bands vicarious calibration
jointly with Chinese

CALWEST and/or
GCIP MRBEX
(1999)

MAS, MASTER,
AVIRIS, field sensors

Wan LST (1-2 campaigns) in
applications, jointly with GCIP

WINCE 2 (February,
1999)

MAS Hall Snow cover in New England

CALWEST (1999) field and low-level
airborne sensors

Wan LST and LSE (3-4 campaigns)

REP/WEST
(Summer, 1999)

MAS Justice Fire detection coordinated with
prescribed burns, reports

Uyuni Salt Flats,
Bolivia
(June/July, 1999)

Airborne and field
sensors

Wan TIR cal/val campaign

Southern Cone
(Paraguay/Agentina;
Sept. 1999)

Light airborne
radiometers

Huete Multiproduct validation in
hyperarid, temp. rainforest,
baseline veg. calibration
(Atacama), snow

CALWEST
(summer, 2000)

In-situ sensors Wan TIR bands vicarious calibration
jointly with Chinese

As in the pre-launch case (Table 2), MODLAND will also participate in independently-led

field campaigns in the post-launch time frame as shown in Table 8.
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Table 8.  Independent Post Launch Field Campaigns

Campaign Principal Sensors Participating Team
Members

Primary Purpose

LBA (Brazil, 1999) MAS & AVIRIS All Dry season tropical forests &
cerrado; fire; biophysical and
surface radiation; LST, VI, L.C.

Kalahari
transect/SAFE
(June/Nov. 1999)

MASTER Justice Fire, scar, arid/semiarid
biophysical, LST, VI

BIBEX TBD Justice Fire, scar assoc. with IGBP

4.4  Other Satellite Data

MODLAND will use data from other sensors throughout the pre- and post-launch time

frames.  As indicated above, a number of data sets (e.g., AVHRR PATHFINDER data) are

currently being used to help validate algorithms, particularly the characteristics associated

with large spatial or temporal scales.  Valuable information on view and solar angle effects,

as well as multiple orbit compilation, continues to result from these efforts.  Post-launch,

the primary focus of these efforts will shift to comparison of MODIS and non-MODIS data

and products.  Primary activities will include of sub-pixel heterogeneity using higher

resolution sensors including Landsat TM (ETM+), ASTER and MISR, and direct

comparison of products (e.g., vegetation index, land cover type, fires, snow cover) from

sensors including AVHRR, DMSP OLS, SeaWiFS, ATSR, GOES and Meteosat.  Other

data resources, such as the Forest Service Fire Reports, will support these analyses.

4.5  Operational Surface Networks

Data from several surface networks will also be used in MODLAND validation.  Primarily,

these include the AERONET sunphotometer network (surface reflectance, vegetation

indices, BRDF) and FLUXNET CO2/H20 flux network (NPP).  In most cases, the

MODLAND Core Validation Test Sites are members of at least one of these networks.  In

addition, MODLAND will investigate the usefulness of the BSRN and SurfRad networks

for albedo validation.

With the recent funding of the FLUXNET validation proposal, MODLAND will have a

global array of test sites available for comprehensive terrestrial surface measurements.

FLUXNET is the global organization of many regional networks of CO2/H20 flux towers,

including AMERIFLUX for North America, EUROFLUX for Europe, OZFLUX for
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Australia, New Zealand, additional stations in South America developed by LBA, and

stations being organized in Japan and China. A complete map of FLUXNET sites will be

presented on a new web site at the ORNL DAAC, integrating current web sites for

AMERIFLUX and EUROFLUX with other sites as they develop. There are now about 60

stations planning to be in operation by December 1998 of which over half are currently

operating, funded by a variety of national sources. FLUXNET will be the point of global

organization, developing instrument calibration procedures, sampling protocols, variable

unit standards, archival and metadata standards, and distribution procedures. The Oak

Ridge DAAC will be the point of FLUXNET data archive and distribution. The

GCOS/GTOS terrestrial observing systems are also adopting the flux tower plan for a

component of land surface monitoring. A FLUXNET organizational meeting is planned for

June 1998 in Polson, Montana to gather all participants operating flux towers and further

refine operational plans.

Although the initial impetus for FLUXNET was the CO2/H20 fluxes, the towers will have

the capacity to provide EOS a critical infrastructure for other measurements, including

surface radiometry, surface meteorology, and atmospheric optics. The surface radiometry

and atmospheric optics will require additional instrumentation to the existing towers,

however the marginal cost of installation will be trivial compared to the value of the tower

facility and personnel EOS will buy into. Coordination of the additional instrumentation

needed at the tower sites will be undertaken at the EOS Land Validation coordination

meeting in December.

4.6  Needs for Instrument Development

Two instrument development activities are underway by MODLAND investigators.  First, a

4-band CIMEL sunphotometer has been reconfigured to measure surface-reflected radiance

from tower-top positions. This modification should allow automated collection of

directional surface reflected radiances as required for validation of atmospheric correction,

vegetation indices, and BRDF.  This development activity was conducted in coordination

with GSFC’s AERONET program (Brent Holben, PI).  AERONET provides hourly

transmission of CIMEL data to the GOES (or METEOSAT) geosynchronous satellites,

which in turn relay the data to GSFC for daily processing and archiving.  By teaming with

AERONET, MODLAND scientists should have access to validation data from a global

network of CIMELs in near real-time.  MODLAND deployed the reconfigured CIMEL

during both PROVEs (Grassland and Forest) and currently have it deployed on a 50 m
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CO2 flux tower at the Smithsonian Environmental Research Center (SERC), an eastern

deciduous forest site near Annapolis, Maryland.  Analysis of data is currently underway.

Uncalibrated real-time data are available at http://spamer.gsfc.nasa.gov.

Second, new methods for validation of the LST product are under development.

Previously, Wan's LST group conducted all field campaigns over flat homogeneous sites

without vegetation or fully covered with short vegetation (e.g., lake surfaces, large flat

playas and bare lands).  The ground-based instrumentation and methodology developed for

these measurements were not adequate for heterogeneous areas.  Presently, LST validation

methods are being extended to cover more general sites using a low-level aircraft or a

tethered balloon (300-1500 m above the surface) as a platform for a TIR camera.  This TIR

camera system will provide coverage for the analysis of LST's spatial and temporal

variations in a MODIS pixel.

4.7  Geometric Registration Site

Georegistration will be accomplished through a network of 300 ground control points to be

used by all AM-1 ground sensors.  The points include coastal positions, lakes, rivers and

other obvious but stable geological or geographical features. In addition, 6000 ocean

control points will be used.  These are also being used by SeaWiFS scientists, however the

positions of these points are known only to 1 km, and hence are less accurate than the

ground control points. Our goal is to characterize the pointing errors of MODIS within six

months after launch.

4.8  Intercomparisons

MODLAND plans to compare its products with those from MISR, POLDER (depending on

launch of ADEOS 2), GLI, ASTER, and Landsat 7 ETM+, as described above.

5.0  Implementation of Validation Results

5.1 Approach and Role of EOSDIS

Successful validation will in part depend on ready access to high quality and fully

documented validation and calibration measurements collected by a variety of sources.

Below we outline a plan, under active development by ORNL DAAC and MODLAND
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scientists, for processing and archiving in situ validation data.  Note this model assumes a

diverse program in which MODLAND scientists, newly named validation scientists, and

independent investigators are all conducting validation activities.

Data and products from the MODIS scenes associated with each validation site will be

extracted from the MODIS satellite archive (EDC DAAC) for comparison to the in situ

information.  Each validation scientist or site manager will be responsible for managing

his/her data and making it available to other investigators and the public either through a

Web or FTP server.  Investigators will also be responsible for processing their in situ data

and comparing results to the MODIS satellite products.  Finally, the data, metadata, and

comparison results will be reviewed and stored for further distribution and archive.

It is proposed that arrangements be made with the EDC DAAC to extract and process the

scenes associated with the validation test sites.  We propose EDC responsibilities include:

1) Extract EOS MODIS satellite scenes for Validation Test Sites, 2) Compile scenes, and 3)

Coregister the imagery.

5.2  Archival of Validation Data

Validation data will be submitted to the Oak Ridge National Laboratory (ORNL) Data

Active Archive Center (DAAC) for Biogeochemical Dynamics for distributing and long-

term archiving.  The ORNL DAAC has experience in processing the mix of data through its

ongoing work with data from previous campaigns (e.g., FIFE, OTTER, BOREAS).  The

ORNL DAAC participated in both of the PROVE campaigns and assisted with collecting,

coordinating, cataloging, and archiving data.

The main focus of the data plan will be to coordinate the data activities of investigators to

achieve consistency, completeness, and timely flow of data from individuals to a central

repository.  This will allow the integration of imagery, atmospheric, flux, meteorology,

productivity, and other data associated with the field measurements.  The integration will

ensure that data are available from a single source (a Web page with links to other Web

sites) and have common identifiers for linking individual datasets together.  When

appropriate, value-added products will be created, such as repackaging meteorology data.

The MODIS Land Team will develop and implement the data plan with the assistance of the

ORNL DAAC and will build on the existing capabilities and infrastructure of EOSDIS and
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the DAACs.

The DAAC will assist in coordinating the validation data activities.  ORNL DAAC

responsibilities would include: 1) Developing guidelines and standards for validation data

and metadata, 2) Creating a Web page for communications and linking investigator Web

sites, 3) Providing guidance and support for developing and maintaining investigator Web

pages, 4) Providing overall data coordination for in situ data, 5) Maintaining an online

catalog of the status and location of validation data, 6) Compiling an inventory of the

potential and active validation test sites, 7) Regularly reviewing the status of validation data

and metadata, 8) Acquiring validation in situ data and metadata in required formats from

investigators and other sources, 9) Overseeing the review of data and metadata (i.e., peer

of data in context of network of sites and investigators), and 10) Ingesting the data and

metadata into the DAAC information system for long-term archive and distribution.

The assumptions underlying the data coordination component include the following.

Data and metadata formats will be established consistent with the EOSDIS archive

requirements.  A project-level data policy, in accord with the EOS Validation Archive

policy, will be established to govern the release of data to individuals not directly connected

with the project that is consistent with the EOS policy.  Data will flow from individuals to

the Land team DIS to a DAAC.  Validation projects, i.e., mini campaigns and validation

test sites, will be primarily responsible for providing quality assurance of data and

metadata, including consistency and completeness.  The ORNL DAAC, with expected

EOSDIS funding, will move the new data through a multi-step process so that the data will

be available to the international community of scientists through the EOSDIS search and

order systems.

6.0  Summary

This document describes the validation activities underway or planned by the MODIS Land

Science Team.  To adequately cover the broad range of surface-atmosphere systems that

will be encountered around the world, multiple validation methods—applicable to different

temporal and spatial scales—will be implemented.  Nevertheless, the highly discretized

nature of land systems, in contrast to most atmospheric and ocean systems, makes in situ

measurement of coarse resolution parameters extremely difficult.  Essentially, this increases

the uncertainty of the validation data itself.  These concerns further necessitate a validation

approach that is comprehensive and at times redundant.  Details of plans described herein
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may be obtained from team members.  Further versions of this validation plan will include

coordinated efforts with the newly-selected EOS Validation Scientists.
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8.0  Acronyms

ADEOS Advanced Earth Observing Satellite (Japan)
AERONET Aerosol Robotic Network
AirMISR Airborne MISR
ARM Atmospheric Radiation Measurement Program
ASTER Advanced Spaceborne Thermal Emission and Reflection radiometer
ATBD Algorithm Theoretical Basis Document
AVHRR Advanced Very High Resolution Radiometer
AVIRIS Airborne Visible/Infrared Imaging Spectrometer
BRDF Bidirectional Reflectance Distribution Function
CART Clouds and Radiation Testbed
CERES Clouds and the Earth’s Radiant Energy System
DAAC Distributed Active Archive Center
EOS Earth Observing System
EOSDIS EOS Data and Information System
GCIP GEWEX Continental-Scale International Project
GEWEX Global Energy and Water Cycle Experiment
GLI Global Imager
GOES Geostationary Operational Environmental Satellite
ISCCP International Satellite Cloud Climatology Project
LBA Large Scale Biosphere-Atmosphere Experiment in Amazonia
LST Land-Surface Temperature
LSE Land-Surface Emissivity
MAS MODIS Airborne Simulator
MISR Multi-angle Imaging Spectro-Radiometer
MODIS Moderate Resolution Imaging Spectroradiometer
MRBEX Mississippi River Basin Experiment
POLDER Polarization and Directionality of Earth’s Reflectances
PROVE Prototype Validation Exercise
SCAR-A Sulfate, Clouds and Radiation–Atlantic (Delmarva Peninsula and near-

by Atlantic Ocean, July 1993)
SCAR-B Smoke, Clouds and Radiation–Brazil (Brazil, August-September 1995)
SCAR-C Smoke, Clouds and Radiation–California (Pacific Northwest,

September 1994)
SCF Science Computing Facility
SGP Southern Great Plains
TLCF Team Leader Computing Facility
TM Thematic Mapper
WINCE Winter Cloud Experiment


